We report on a new technique to combine two technologies [magnetic resonance imaging (MRI) and topographic imaging of EEG] to produce an overlapping image of both scalp-recorded EEG and the underlying brain anatomy within a given subject. High-resolution-graphics postprocessing of these data was used to create this integrated image.
slice uniting the vertices and creating thousands of polygons. These polygons described the surface of the brain. Other computer software utilities provided smoothing and shading to the brain image. The final image can be rotated in any axis for facilitated viewing.
The subject then had an EEG performed during an alert eyes-open and eyes-closed state. Artifact-free epochs were analyzed using a fast Fourier transform and converted to spectral maps using a Neuroscience Series I1 imager. EEG postprocessing involved converting the two-dimensional EEG maps and the electrode markers into a three-dimensional EEG image overlayed to the three-dimensional M R image of the brain. Since the original colored EEG image is an equalarea projection two-dimensional map and since the reconstructed MR image is a perspective image, there were different spatial projection parameters to consider. Instead of a direct overlay of the EEG image onto the M R images, we first overlayed a translucent "skull cap" over the MR image. Then, we used the original EEG microvolt values taken from the 28 electrodes, at a desired time in the data collection enoch. anddid a four-point weiehted linear internlation to deter-. , mine all pixel values within the translucent "skull cap." variouscolor-blending routines smoothed color transitions from one pixel to the next. This EEG image was made transparent to allow the viewing of the underlying brain. Alpha activity (8-12 HZ), produced while the subject had his eyes closed, was displayed. The highest voltage of alpha activity was seen above visual cortical areas as predicted but extended above posterior parietal and posterior temporal areas more on the left (Fig. 1) .
The strength of this new integrated imaging technique is that, if specific regional correlations do exist between brain anatomy and EEG within a given individual, they will now be easily visualized. We believe that the power of this technique lies in: (1) the visualization of brain anatomy in three dimensions, providing easier appreciation for the boundaries of tumors and other anatomical irregularities than in multiple two-dimensional M R slices; (2) the visualization of the precise locations of the electrodes with respect to the underlying cortical tissue within a given subject; and (3) the combined EEGIMR image providing very straightforward correlations between brain structure and scalp-recorded EEG. Future studies will test directly the relationship between: (1) brain tumors and scalp-recorded EEG and (2) localized EEG abnormalities and underlying brain pathology. These studies should lead to a fundamental improvement in our understanding of the meaning of scalp-recorded EEG. Furthermore, these data could lead to an improved system for the placement of EEG electrodes, since their placement with respect to the brain within a given subject will now be known.
